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ABSTRACT
We present a sample of 86,111 star-forming galaxies (SFGs) selected from the
catalogue of the MPA-JHU emission-line measurements for SDSS DR7 to investigate
the evolution of mass-metallicity (MZ) relation. We find that: under the log(LHα) >
41.0 threshold, the 0.04 < z 6 0.06 SFGs with 9.2 < log(M⋆/M⊙) < 9.5 have always
higher metallicities (∼ 0.1 dex) than the 0.10 < z < 0.12 SFGs by using the closely-
matched control sample method; under the log(L[O III]) > 39.7 threshold, the 0.04 <
z 6 0.06 SFGs with 9.2 < log(M⋆/M⊙) < 9.5 do not exhibit the evolution of the MZ
relation, in contrast to the 0.10 < z < 0.12 SFGs. We find that the metallicity tends to
be lower in galaxies with a higher concentration, higher Se´rsic index, or higher SFR.
In addition, we can see that the stellar mass and metallicity usually present higher
in galaxies with a higher Dn4000 or higher log(N/O) ratio. Moreover, we present the
two galaxy populations with log(M⋆/M⊙) below 10.0 or greater than 10.5 in the MZ
relation, showing clearly an anticorrelation and a positive correlation between specific
star formation rate and 12+log(O/H).
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1 INTRODUCTION
The connection between stellar mass (M⋆) and gas-phase
oxygen abundance (metallicity, Z) is one of the most fun-
damental relations established in the galaxy formation and
evolution. The mass-metallicity (MZ) relation was first
shown by Lequeux et al. (1979), and later observations con-
firmed it with a larger sample from the Sloan Digital Sky
Survey (SDSS; Tremonti et al. 2004). Beyond the local uni-
verse, the MZ relation has been observed to extend out to
z ∼ 3.5, and the metallicity decreases with increasing red-
shift at a given stellar mass (Erb et al. 2006; Maiolino et al.
2008; Troncoso et al. 2014; Sanders et al. 2015). With regard
to the origin of the MZ relation, physical explanations gener-
ally invoke an equilibrium between metal-enriched gas out-
flows and pristine gas inflows (Mannucci et al. 2010; Lara-
Lo´pez et al. 2010; Brown et al. 2018), therefore the change
from the balance may be a tracer of understanding these
mechanisms.
Some studies demonstrated the star formation rate
(SFR) dependence of MZ relations (Ellison et al. 2008; Man-
nucci et al. 2010; Lara-Lo´pez et al. 2010; Andrews & Martini
2013). The dependence of the MZ relation on SFR originated
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from the work of Ellison et al. (2008), and Mannucci et al.
(2010) and Lara-Lo´pez et al. (2010) found almost simulta-
neously a tight relationship among SFR, stellar mass, and
metallicity for z∼ 0.1 star-forming galaxies (SFGs), and con-
cluded that the M−Z−SFR relation is invariant at z < 2.5
and z < 3.5, respectively. In addition, several studies re-
ported that SFGs at z ∼ 1− 3 do not show any evidence for
the redshift evolution of M− SFR−Z relation (Christensen
et al. 2012; Wuyts et al. 2012, 2016; Belli et al. 2013; Henry
et al. 2013; Stott et al. 2013; Maier et al. 2014; Yabe et al.
2015; Hunt et al. 2016; Sanders et al. 2018).
Moreover, Salim et al. (2014) studied the rela-
tion between metallicity and specific star formation rate
(sSFR=SFR/M⋆) in distinct mass bins by analyzing the
SDSS data, and found a significant correlation yet fairly
weaker than that shown by Mannucci et al. (2010). Collect-
ing 1381 field galaxies at 0.5 6 z 6 0.7 from deep spectro-
scopic survey, Guo et al. (2016) found that the dependence
of MZ relations on SFR is weaker than that presented in
local galaxies.
Utilising the CALIFA data to study the MZ relation,
Sa´nchez et al. (2013) did not find a correlation between the
MZ relation and SFR. Recently, Barrera-Ballesteros et al.
(2017) presented the integrated MZ relation with more than
1700 MaNGA SFGs, and found no dependence of the MZ
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Figure 1. The stellar mass and u-r colour diagram. Our SFG
sample occupys the blue sequence (black dots), and the red con-
tours represent the distribution of the whole SDSS DR7 sample.
relation on SFR. Besides, many other literatures presented
that galaxies at z ∼ 1−3 do not trace the predictions of the
z ∼ 0 FMR, indicating an evolving M − SFR − Z relation
(Cullen et al. 2014; Yabe et al. 2014; Zahid et al. 2014; Wuyts
et al. 2014; Sanders et al. 2015, 2018; Salim et al. 2015;
Kashino et al. 2017).
Since many studies mentioned above focus on the SFR
dependence of MZ relations, we restrain the stellar mass and
SFR to explore the redshift evolution of the MZ relaition.
In addition, we revisit the evolution of the MZ relation and
investigate the MZ relation with the Se´rsic index, concentra-
tion index, and Dn4000. The paper is organized as follow.
In Section 2, we show the SFG sample and various data.
We explore the evolution of the MZ relation, and investi-
gate the dependence and scatter of the MZ relation with
the Se´rsic index, concentration index, SFR, sSFR, log(N/O),
and Dn4000 in Section 3. In Section 4, the results and con-
clusions are summarized. We adopt H0 = 70 km s
−1 Mpc−1,
ΩM = 0.3, and ΩΛ = 0.7.
2 THE DATA
The sample in this study is selected from the catalogue of
the SDSS Data Release 7 (DR7; Abazajian et al. 2009). We
utilisemeasurements of emission line fluxes, SFRs, and stel-
lar masses, which are publicly available from the catalogue of
Max Planck Institute for Astrophysics−John Hopkins Uni-
versity (MPA-JHU) SDSS DR7 release. To avoid the bias of
the MZ relation from the aperture effect (Kewley, Jansen &
Geller 2005) and the selection effect of the metallicity evo-
lution (Zahid et al. 2013; Wu et al. 2016), these galaxies are
required to have the lower and upper redshift limits of 0.04
and 0.12. Also, the covering fractions are > 20% of all galaxy
fluxes, which are calculated from the r band fiber and Pet-
rosian magnitudes. According to the BPT diagram (Baldwin
et al. 1981; Kauffmann et al. 2003a; Kewley et al. 2006), we
obtain the SFGs from the above sample by using the equa-
tion (log([O III]/Hβ) < 0.61/[log([N II]/Hα) − 0.05] + 1.3)
of Kauffmann et al. (2003a), forming an initial sample of
136,964 galaxies.
We use the emission line fluxes of [O II] λλ3727, 3729,
Hβ, [O III] λλ4959, 5007, Hα, and [N II] λ6584 to ana-
lyze the MZ relation. The signal-to-noise ratio (S/N) cut
of [O III] λ5007 may bias the MZ relation, due to that this
emission line often appears in high metallicity galaxies (Fos-
ter et al. 2012). Therefore, we choose the SFGs with S/N > 3
for Hβ, Hα, [O II] λλ3727, 3729, and [N II] λ6584. Since an
SFR FLAG keyword shows the status of the SFR measure-
ments, the keyword of 0 is required. To break the degener-
acy between the upper and lower branch R23 solutions, we
choose the SFGs with log([N II] λ6584/[O II]λ3727)> −1.2
in our sample (Kewley & Ellison 2008). In fact, we find that
the N2O2 ratio excludes only one SFG from the above sam-
ple, so it does not introduce a selection bias to our final
sample. Finally, we obtain the final sample of 86,111 SFGs.
Regarding SFRs and M⋆, we use a Chabrier (2003) ini-
tial mass function (IMF) to correct them assumed a Kroupa
(2001) IMF by dividing it by 1.06. To study the MZ re-
lation, we use the Petrosian half-light radii R50 and R90,
which are the radius enclosing 50% and 90% of the Pet-
rosian flux, respectively (Shen et al. 2003), and are from the
New York University Value-Added Galaxy Catalogue (NYU-
VAGC; Blanton et al. 2005). With regard to the Petrosian
flux, please see Section 2.1 of Shen et al. (2003). Provided
the radii R50 and R90, the concentration index of a galaxy is
defined as c = R90/R50, which is related to galaxy morpho-
logical types. Also, we introduce a Dn4000 index to study
the MZ relation. The index is defined as a flux ratio in two
spectral windows, which is close to the 4000A˚ break (Balogh
et al. 1999): 3850-3950A˚ and 4000-4100A˚ (Zahid & Geller
2017). The index increases with the stellar population age
(Kauffmann et al. 2003a; Zahid et al. 2015). In addition,
we adopt n to represent the Se´rsic index, obtained from the
NYU group (Zahid & Geller 2017). The Se´rsic index (n)
ranges are from 0 to 5.9. For quiescent galaxies, Zahid &
Geller (2017) showed that galaxies with higher Dn4000 of-
ten have larger Se´rsic indexes at a given stellar mass. Due to
the two indexes(c and n) estimated from the NYU-VAGC,
we cross-match it with the MPA-JHU SDSS DR7 catalogue
within 2′′, and obtain 81,125 SFGs. In this paper, we will
utilise a sample of 86,111 SFGs if the two indexes are not
involved in our studies.
In Figure 1, we present the diagram of stellar mass and
u-r colour (from Petrosian magnitudes). The red contours of
Figure 1 are the distribution of 862,079 galaxy sample, which
comes from the cross-match of the NYU-VAGC and MPA-
JHU SDSS DR7 catalogues. Our sample of 86,111 SFGs
is shown with the black dots in Figure 1. From Figure 1,
we find that all SFGs of our sample are almost the late-
type galaxy. For the morphologies of Se´rsic indexes, we use
n > 2.5 and n < 1.5 to represent the spheroid-dominated
and disk-dominated galaxies, respectively (Maier 2009). The
concentration indexes c > 2.86 and c < 2.86 are used to
separate early-type and late-type galaxies (Nakamura et al.
2003; Shen et al. 2003). In addtion, we show that these
galaxies with n > 2.5 or c > 2.86 have lower matallicities
compared to the late-type galaxies in Figures 3(c) and 3(d)
or Figures 4(c) and 4(d). This is not consistent with that
early-type galaxies generally have higher stellar metallicity
than the late-type galaxies with larger difference in lower
masses (Peng et al. 2015). In fact, these galaxies are likely
to be compact SFGs which usually show lower gas metallcity
c© 2010 RAS, MNRAS 000, 1–14
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Figure 2. Comparison of the SFR distributions of different sample SFGs with 9.2 <log(M⋆/M⊙) < 9.5. Panel(a) for log(LHα) > 41.0.
Panel(b) for log(L[OIII]) > 39.7. The green and black lines are the SFR distributions of SFGs at 0.04 < z 6 0.06 and 0.10 < z < 0.12,
respectively. The red dotted (blue dashed) lines show the SFR distributions of control samples, which have the same SFR distribution
as the SFGs at 0.04 < z 6 0.06 (0.10 < z < 0.12), and come randomly from the SFGs at 0.10 < z < 0.12 (0.04 < z 6 0.06), respectively.
Table 1. Summary of the evolution of the MZ relations for different sample SFGs.
low/high z CSs log(SFR) pnull(%) log(M⋆) pnull(%) 12 + log(O/H) pnull(%)
M⊙/yr
−1 M⊙
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
log(LHα) > 41.0 66 66 0.36 ± 0.19 0.37 ± 0.19 54 9.40 ± 0.09 9.41 ± 0.08 83 8.71 ± 0.11 8.57 ± 0.12 4.6 × 10
−5
225 35 0.42 ± 0.32 0.37 ± 0.17 53 9.42 ± 0.08 9.40 ± 0.09 85 8.60 ± 0.13 8.71 ± 0.09 0.0296
log(L[O III]) > 39.7 1714 35 −0.11 ± 0.21 −0.15 ± 0.15 74 9.35 ± 0.09 9.39 ± 0.09 22 8.76 ± 0.10 8.78 ± 0.11 51
338 41 0.27 ± 0.36 0.22 ± 0.24 65 9.40 ± 0.08 9.41 ± 0.09 68 8.66 ± 0.14 8.78 ± 0.11 0.00142
Note: Cols.(1): The different samples. Cols.(2) and (3) are the number of the samples of 0.04 < z 6 0.06 (the lower redshift) or 0.10 < z < 0.12 (the
higher redshift) and their corresponding control samples(CSs). Cols.(4), (7), and (10): the median value of log(SFR), log(M⋆), and 12+log(O/H),
respectively, which comes from the lower (higher) redshift sample. Cols.(5), (8), and (11): the median value of log(SFR), log(M⋆), and 12+log(O/H),
respectively, which comes from their corresponding control samples (CSs). Cols.(6), (9), and (12): the probabilities for the null hypothesis that the
two distributions are drawn randomly from the same population.
than the normal SFGs (Hoopes et al. 2007). In this paper,
the two indexes (c and n) only represent the galaxy structure
properties.
In this paper, we use the R23 method to estimate oxy-
gen abundances of SFGs (Pilyugin et al. 2006, 2010; Wu &
Zhang 2013), and adopt the calibration of T04. In addition
to the T04 method, we use the five methods of metallic-
ity estimators, for instance, Dopita 2016 (D16), Pettini &
Pagel 2004 (PP04-O3N2 and PP04-N2), Zaritsky, Kennicutt
& Huchra 1994 (Z94), and Sanders et al. 2018 (Sander18).
3 RESULTS
In this section, we first explore the evolution of the MZ re-
lation using a control sample method under the emission
line luminosity limits for log(Hα) and log([O III]) and us-
ing comparison of metallicity differences under the different
galaxy morphologies. Then we investigate the dependence
of MZ relations of 0.04 < z 6 0.06 and 0.10 < z < 0.12
SFGs on the Se´rsic index, concentration index, SFR, sSFR,
log(N/O), and Dn4000. Finally, we study the scatter of MZ
relations with different metallicity estimators, Se´rsic index,
and concentration index.
3.1 The evolution of the MZ relation
In the SDSS sample, Juneau et al. (2014) found an evolution
of log(LHα) and log(L[O III]). They got the observed limits
of log(LHα) and log(L[O III]), and presented an artificial evo-
lution of the MZ relation. In the 0.04 < z < 0.12 SDSS sam-
ple, Wu et al. (2016) also investigated and confirmed the
redshift evolution of log(LHα), and log(L[O III]). Wu et al.
(2016) used the MZ relation of the 0.10 < z < 0.12 subsam-
ple to correct the artificial evolution of MZ relations, and
obtained the minimum luminosity limits of log(LHα) > 41.0
and log(L[O III]) > 39.7. In this article, we use a new method,
the closely-matched control sample (Zhang, Kong & Cheng
2008), to check the evolution of the MZ relation. The con-
trol sample is constructed from the corresponding sample,
which is matched in M⋆ and SFR. For instance, regarding
the 0.04 < z 6 0.06 SFG sample and its corresponding sam-
ple (0.10 < z < 0.12 SFGs), the control sample has the
same SFR distribution as the SFGs at 0.04 < z 6 0.06,
c© 2010 RAS, MNRAS 000, 1–14
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Figure 3. Comparison of the metallicity distributions of different Se´rsic index SFG samples with 9.2 <log(M⋆/M⊙) < 9.5. The black
line of Fig. 3(a) (Fig. 3(b)) is the metallicity distribution of 0.04 < z 6 0.06 (0.10 < z < 0.12) SFGs with 9.2 <log(M⋆/M⊙) < 9.5. Fig.
3(a) (Fig. 3(b)) has the same black line as Fig. 3(c) (Fig. 3(d)). The red dotted line of Fig. 3(a) (Fig. 3(c)) is the metallicity distribution
of 0.4 < z 6 0.06 SFGs with n < 1.5 (n > 2.5) and 9.2 <log(M⋆/M⊙) < 9.5. The red dotted line of Fig. 3(b) (Fig. 3(d)) is the metallicity
distribution of 0.10 < z < 0.12 SFGs with n < 1.5 (n > 2.5) and 9.2 <log(M⋆/M⊙) < 9.5.
and is randomly from the 0.10 < z < 0.12 SFGs. In Wu
et al. (2016), the metallicity difference of ∼ 0.15 dex in the
MZ relations happened at log(M⋆/M⊙) ∼ 9.3, so we choose
9.2 < log(M⋆/M⊙) < 9.5 as the stellar mass range matched.
With regard to SFR matched, we employ the low (high) red-
shift range SFG sample and its corresponding control sam-
ple having the same SFR distribution. For comparision, all
samples have the same stellar mass range matched of 9.2 <
log(M⋆/M⊙) < 9.5.
In Figure 2(a), comparison of all samples at the two red-
shift ranges are based on the luminosity limit of log(LHα) >
41.0. The green and black lines represent the distributions
of SFRs of SFGs at 0.04 < z 6 0.06 and 0.10 < z < 0.12,
respectively. The red dotted line shows the distribution of
SFRs of the control sample, which has the same SFR dis-
tribution as the 0.04 < z 6 0.06 SFGs, and comes ran-
domely from the SFGs at 0.10 < z < 0.12. The blue
dashed line represents the distribution of SFRs of the con-
trol sample, which has the same SFR distribution as the
0.10 < z < 0.12 SFG sample, and comes randomly from the
SFGs at 0.04 < z 6 0.06.
In Figure 2(b), we compare the SFR distributions of
all samples for the two redshift ranges under the luminos-
ity limit of log(L[O III]) > 39.7. Following Figure 2(a), the
green and black lines represent the SFR distributions of the
SFGs at 0.04 < z 6 0.06 and 0.10 < z < 0.12, respectively.
The red dotted line shows the SFR distribution of the con-
trol sample, which has the same SFR distribution as the
0.04 < z 6 0.06 SFGs, and comes randomly from the SFGs
at 0.10 < z < 0.12. The blue dashed line represents the
SFR distribution of the control sample, which has the same
SFR distribution as the 0.10 < z < 0.12 SFGs, and comes
randomly from the SFGs at 0.04 < z 6 0.06.
In Table 1, we show the summary of the evolution of
MZ relations for the different samples. Under the luminos-
ity threshold of log(LHα) > 41.0 (also see Figure 2(a)), the
median value of log(SFR), log(M⋆), and 12+log(O/H) is
0.36 ± 0.19, 9.40 ± 0.09, and 8.71 ± 0.11, respectively, in
the 0.04 < z 6 0.06 SFGs with 9.2 < log(M⋆/M⊙) < 9.5.
The median value of log(SFR), log(M⋆), and 12+log(O/H)
is 0.37±0.19, 9.41±0.08, and 8.57±0.12, respectively, in their
corresponding control sample with 9.2 < log(M⋆/M⊙) <
9.5. The median value of 12+log(O/H) in the 0.04 < z 6
0.06 SFG sample is higher than the control sample by ∼ 0.1
dex. The Kolmogorov-Smirnov (K-S) test of the SFR and
log(M⋆) distributions gives rather high probabilities of 54%
and 83%, showing the SFR and log(M⋆) distributions be-
tween the two redshift ranges are drawn from the same pop-
ulation. The K-S test of the metallicity distribution yields
a very low probability of 0.0046%, or equally a rejection
at 99.9954% confidence level, for the null hypotheses that
the two distributions are drawn from the same popula-
tion. These imply that the MZ relation evolution is found
in the 0.04 < z 6 0.06 SFG sample and its correspond-
c© 2010 RAS, MNRAS 000, 1–14
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Figure 4. Comparison of the metallicity distributions of different concentration index SFG samples with 9.2 <log(M⋆/M⊙) < 9.5. The
black line of Fig. 4(a) (Fig. 4(b)) is the metallicity distribution of 0.04 < z 6 0.06 (0.10 < z < 0.12) SFGs with 9.2 <log(M⋆/M⊙) < 9.5.
Fig. 4(a) (Fig. 4(b)) has the same black line as Fig. 4(c) (Fig. 4(d)). The red dotted line of Fig. 4(a) (Fig. 4(c)) is the metallicity
distribution of 0.4 < z 6 0.06 SFGs with c < 2.86 (c > 2.86) and 9.2 <log(M⋆/M⊙) < 9.5. The red dotted line of Fig. 4(b) (Fig. 4(d))
is the metallicity distribution of 0.10 < z < 0.12 SFGs with c < 2.86 (c > 2.86) and 9.2 <log(M⋆/M⊙) < 9.5.
ing control sample with 9.2 <log(M⋆/M⊙) < 9.5. In the
0.10 < z 6 0.12 SFGs with 9.2 <log(M⋆/M⊙) < 9.5, the
median value of log(SFR), log(M⋆), and 12+log(O/H) is
0.42 ± 0.32, 9.42 ± 0.08, and 8.60 ± 0.13, respectively. The
median value of log(SFR), log(M⋆), and 12+log(O/H) is
0.37 ± 0.17, 9.40 ± 0.09, and 8.71 ± 0.09, respectively, in
their corresponding control sample. Their probabilities for
the two redshift range samples are 53%, 85%, and 0.0296%,
respectively. These indicate that the two samples with the
same distribution in SFR and mass show significant redshift
evolution of MZ relation.
Under the luminosity threshold of log(L[O III]) > 39.7
(also see Figure 2(b)), we follow the method of Figure 2(a).
The median value of log(SFR), log(M⋆), and 12+log(O/H)
is −0.11± 0.21, 9.35± 0.09, and 8.76± 0.10, respectively, in
the 0.04 < z 6 0.06 SFGs with the same stellar mass range.
The median value of log(SFR), log(M⋆), and 12+log(O/H)
is −0.15 ± 0.15, 9.39 ± 0.09, and 8.78 ± 0.11, respectively,
in their corresponding control sample. The median value of
12+log(O/H) in the two samples has no difference (∼ 0.0
dex). The K-S test of the SFR, log(M⋆), and metallicity
distributions yields rather high probabilities of 74%, 22%,
and 51%, showing that their distributions between the two
samples are randomly drawn from the same parent popu-
lation, and these indicate that the 0.04 < z 6 0.06 sample
and its corresponding control sample do not demonstrate the
redshift evolution of the MZ relation. The 0.10 < z < 0.12
SFGs with the same stellar mass range show that the median
value of log(SFR), log(M⋆), and 12+log(O/H) is 0.27±0.36,
9.40 ± 0.08, 8.66 ± 0.14, respectively. The median value
of log(SFR), log(M⋆), and 12+log(O/H) is 0.22 ± 0.24,
9.41±0.09, and 8.78±0.11, respectively, in their correspond-
ing control sample. The probabilities for the two redshift
range samples are 65%, 68%, and 0.00142%. The K-S test
shows the redshift evolution of the MZ relation.
From the above results, we find that the two different
samples having higher SFRs (e.g. median(log(SFR))> 0.0)
based on the 0.04 < z 6 0.06 and 0.10 < z < 0.12 SFGs of-
ten have ∼ 0.1 dex difference in metallicity, and that the two
samples having lower SFRs (e.g. median(log(SFR))< 0.0)
based on the two redshift range SFGs usually have no sig-
nificant difference in metallicity. In fact, these may originate
from the different SFG samples selected different thresholds
of emission line luminosities. In Figure 2(b), the control sam-
ple (red dotted lines) of the 0.04 < z 6 0.06 SFGs with
9.2 <log(M⋆/M⊙) < 9.5 almost comes from the 0.10 < z <
0.12 SFGs with the same stellar mass range and the small-
est SFRs. We can see that this sample comes mainly from
the SFGs with 12 + log(O/H) > 8.7 in Figure 4(b) of Wu
et al. (2016, see the SFGs at 0.10 < z < 0.12 (the red con-
tour) and the luminosity threshold of log(L[O III]) > 39.7
(the black line)). Although our sample is not just the same
as the sample of Wu et al. (2016), both samples utilise the
same luminosity threshold of log(L[O III]) > 39.7. Due to
c© 2010 RAS, MNRAS 000, 1–14
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Figure 5. Comparison of the MZ relations of 0.04 < z 6 0.06 and 0.10 < z < 0.12 SFGs using the colour bars of the concentration index
and Se´rsic index, and SFR. The green and red lines are the diagnostic lines (is shown for reference) for comparing the MZ relations at
different redshift ranges. The metallicity is estimated by the T04 method.
the speciality of the sample, almost no evolution of the MZ
relation is found in the SFGs with lower SFRs. Therefore,
we speculate that the evolution of the MZ relation is clearly
observed in the higher SFR SFGs.
In addition, we study the metallicity difference between
the two redshift range samples with different galaxy mor-
phologies. In Figures 3(a) and 3(b), we show the metallicity
distributions of different SFGs with 9.2 <log(M⋆/M⊙) <
9.5. The black line of Figure 3(a) (Figure 3(b)) is the metal-
licity distribution of 0.04 < z 6 0.06 (0.10 < z < 0.12)
SFGs with 9.2 <log(M⋆/M⊙) < 9.5. The red dotted line
of Figure 3(a) (Figure 3(b)) is the metallicity distribution
of 0.04 < z 6 0.06 (0.10 < z < 0.12) SFGs with n < 1.5
and 9.2 <log(M⋆/M⊙) < 9.5. From Figures 3(a) and (b),
we can see a significant difference of the metalicity distri-
butions, showing that the lower redshift SFGs have higher
metallicities than the higher redshift SFGs, and that the me-
dian metallicity is 8.85± 0.11 and 8.72 ± 0.13, respectively.
In Figures 3(c) and 3(d), the black lines are the metal-
licity distributions of 0.04 < z 6 0.06 and 0.10 < z <
0.12 SFGs with 9.2 <log(M⋆/M⊙) < 9.5, respectively.
Also, Figure 3(a) (Figure 3(b)) has the same black line
as Figure 3(c) (Figure 3(d)). The red dotted line of Fig-
ure 3(c) (Figure 3(d)) is the metallicity distribution of
0.04 < z 6 0.06 (0.10 < z < 0.12) SFGs with n > 2.5
and 9.2 <log(M⋆/M⊙) < 9.5. From Figures 3(c) and 3(d),
a clear difference of the metalicity distributions is presented,
showing that the lower redshift SFGs have higher metallic-
ities than the higher redshift SFGs, and that the median
metallicity is 8.78± 0.12 and 8.60 ± 0.14, respectively. This
indicates that the evolution of the MZ relation always holds
in elliptical or spiral galaxies.
In Figures 4(a) and 4(b), the black lines are the metal-
licity distributions of 0.04 < z 6 0.06 and 0.10 < z < 0.12
SFGs with 9.2 <log(M⋆/M⊙) < 9.5, respectively. The red
dotted line of Figure 4(a) (Figure 4(b)) shows the metallicity
distribution of 0.04 < z 6 0.06 (0.10 < z < 0.12) SFGs with
c < 2.86 and 9.2 <log(M⋆/M⊙) < 9.5. From Figures 4(a)
and 4(b), we can see a significant difference between the met-
alicity distributions, showing that the lower redshift SFGs
have higher metallicities than the higher redshift SFGs, and
that the median metallicity is 8.83 ± 0.12 and 8.67 ± 0.14,
respectively.
In Figures 4(c) and 4(d), the black lines are the metal-
licity distributions of 0.04 < z 6 0.06 and 0.10 < z < 0.12
SFGs with 9.2 <log(M⋆/M⊙) < 9.5, respectively. More-
over, Figure 4(a) (Figure 4(b)) has the same black line as
Figure 4(c) (Figure 4(d)). The red dotted line of Figure
4(c) (Figure 4(d)) presents the metallicity distribution of
0.04 < z 6 0.06 (0.10 < z < 0.12) SFGs with c > 2.86 and
c© 2010 RAS, MNRAS 000, 1–14
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Figure 6. Comparison of the MZ relations of 0.04 < z < 0.12 SFGs with the colour bars of sSFR for different metallicity estimators.
9.2 < log(M⋆/M⊙) < 9.5. A significant difference between
the metallicity distributions is shown in Figures 4(c) and
4(d), presenting that the lower redshift SFGs have higher
metallicities than the higher redshift SFGs, and that the
median metallicity is 8.77 ± 0.13 and 8.60 ± 0.14, respec-
tively. These show that the MZ relation evolution should
not depend on the elliptical or spiral galaxies.
3.2 The dependence of the MZ relation
In this section, we first utilise the concentration index to
investigate the morphology dependence of the MZ relation.
Then, we study the morphological classifications of the MZ
relation using the Se´rsic index to separate galaxies into el-
liptical and spiral galaxies. Moreover, we explore the SFR
and sSFR dependence of the MZ relation. Finally, we further
investigate the dependence on the stellar population age of
the MZ relation using the Dn4000 index and log(N/O).
In Figures 5(a) and 5(b), we show the MZ relations of
0.04 < z 6 0.06 and 0.10 < z < 0.12 SFGs with colour
bars of concentration index, respectively. The colour bars
show the c values per bin (0.1 dex in log(M⋆/M⊙) and 0.05
dex in metallicity) in the MZ relation. The green and red
lines are the diagnostic lines for comparing MZ relations
between the higher and lower redshift SFGs. Compared to
the MZ relation of Figure 5(b), the scatter at a lower galaxy
stellar mass is exhibited in Figure 5(a), showing the trend
of decreasing scatter with increasing stellar mass (Tremonti
et al. 2004; Zahid et al. 2012). The origin of the scatter
may originate from accretion and/or mergers (Bothwell et
al. 2013; Forbes et al. 2014), and Kacprazk et al. (2016)
suggested that an accretion is likely to have a great influence
on a galaxy’s mass.
Compared to the 0.10 < z < 0.12 SFGs, the 0.04 < z 6
0.06 SFGs have higher metallicities at a fixed stellar mass.
At a fixed stellar mass, there is a tendency that the concen-
tration index decreases as the metallicity increases, while
at a fixed metallicity, the concentration index increases as
the galaxy stellar mass increases. The index is often used
to categorize galaxies into early-type and late-type with the
different recommended values (Shimasaku et al. 2001; Naka-
mura et al. 2003; Shen et al. 2003). Hooper et al. (2007) and
Ellison et al. (2008) respectively reported the dependence of
the MZ relation on galaxy size, which is related to the mor-
phology structure. Therefore the MZ relation should depend
on the galaxy structure properties.
In Figures 5(c) and 5(d), the MZ relations of 0.04 <
z 6 0.06 and 0.10 < z < 0.12 SFGs are shown using colour
bars of Se´rsic index, respectively. The green and red lines
are the same diagnostic lines as in Figures 5(a) and 5(b).
At a fixed stellar mass, there is a trend that the Se´rsic in-
dex decreases with increasing metallicity, while at a fixed
metallicity, the index increases with increasing stellar mass,
and the change of different structural types is from disk-
c© 2010 RAS, MNRAS 000, 1–14
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Figure 7. Comparison of the correlations between sSFR and metallicity of 0.04 < z < 0.12 SFGs with different stellar mass ranges.
Figure 8. Comparison of the MZ relations of 0.04 < z 6 0.06 and 0.10 < z < 0.12 SFGs using the colour bars of Dn4000 and log(N/O),
respectively. The green and red lines are the same diagnostic line as in Fig. 5.
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Figure 9. The scatter of the MZ relations of 0.04 < z < 0.12 SFGs for the different metallicity calibrators. The green solid curves are
the 95% contours of metallicity dispersion in all MZ relations.
dominated galaxeies (n < 1.5) to bulge-dominated galaxies
(n > 2.5, Maier et al. 2009). From Figures 5(a) and 5(b),
we can see a significant trend that the concentration index
almost does not change when the stellar mass and metallic-
ity simultaneously increase. The same trend for Se´rsic index
also exists in Figures 5(c) and 5(d), and it also appears at
the log(M⋆/M⊙) < 10.0 in Figures 5(e) and 5(f) (with re-
gard to the MZ relation of log(M⋆/M⊙) > 10.0 SFGs, we
will discuss it in next paragraph.), suggesting that the trend
of Figures 5(e) and 5(f) is a result of some dependence of the
MZ relation on SFR. In Figure 5, when a concentration in-
dex or Sersic index of the MZ relation increases, its SFR also
increases. This indicates that galaxy structure properties are
closely related to SFRs. In addition, we can see another sig-
nificant tendency that the SFRs increase with increasingM⋆
and Z simultaneously at the log(M⋆/M⊙) > 10.0 in Figures
5(e) and 5(f), in other word, high stellar mass galaxies with
higher SFRs often have higher metallicities. This result is
similar to one of Sa´nchez et al (2017), who studied the MZ
relation with 734 CALIFA galaxies.
In Figures 5(e) and 5(f), the log(M⋆/M⊙) < 10.0 and
log(M⋆/M⊙) > 10.0 SFGs present a different relation be-
tween SFR and Z at a fixed stellar mass; the former pop-
ulation shows that the metallicity increases with decreas-
ing SFR, whereas the latter population presents that the
metallicity increases with increasing SFR. We suggest that
the two group SFGs may come from differen galaxy popu-
lations, and that they are likely to possess different stellar
population ages.
In Figures 5(e) and 5(f), the two galaxy populations
seem to be observed in log(M⋆/M⊙) ∼ 10.0, so we show the
MZ relations using the six metallicity estimators (see the
first paragraph of Section 3.3) and colour bars of sSFR in
Figures 6(a) – 6(f), presenting a continuous change in sSFR
in log(M⋆/M⊙) > 10.0 SFGs. The sample shown in Figure 6
includes all SFGs with 0.04 < z < 0.12. Whether do the two
galaxy populations of Figure 5 exist in Figure 6, so we use
the sample of 81,125 SFGs to present the MZ relation in each
plot. Figure 6 displays an anticorrelation, as a whole, that
galaxies with higher sSFRs have lower metallicities at a fixed
stellar mass. Actually, we seem to see the two galaxy popu-
lations; one presents an anticorrelation between Z and sSFR
in the lower mass galaxies, and another one exhibits a weak
positive correlation between Z and sSFR in the higher mass
galaxies, showing a large scatter, and this is consistent with
Lara-Lo´pez et al. (2013). But Salim et al. (2014) suggested
that the metallicity calibrator may lead to the positive cor-
relation between metallicity and sSFR, and that the latter
galaxy population is not exist. Actually, we show the second
galaxy population (see the galaxies at log(sSFR). −10.2) in
Figures 6(a)–6(f), showing independence on the metallicity
estimator. Due to the larger stellar masses and smaller sS-
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Figure 10. Comparison of the scatter of MZ relations of 0.04 < z < 0.12 SFGs for the different Se´rsic indexes. The symbols are the
same as in Fig. 9.
FRs from these figures, we suggest that these galaxies may
have older stellar populations (see Figures 8(a) and 8(b)).
To show clearly the two galaxy populations, Figure 7
displays the graphs of Z versus sSFR in SFGs with dif-
ferent stellar mass ranges. In Figures 7(a) and 7(b), we
demonstrate the relations between sSFR and 12+log(O/H)
in SFGs with log(M⋆/M⊙) < 10.0 and log(M⋆/M⊙) > 10.0,
respectively. From Figure 7(a), an anticorrelation is signifi-
cant (Spearman’s coefficient, r=-0.62). In Figure 7(b), since
the SFG sample with log(M⋆/M⊙) > 10.0 are mixed with
some SFGs having an anticorrelation between sSFR and
12+log(O/H), their correlation is not clear, showing their
Spearman coefficient r=0.14. Figures 7(c) and 7(d) display
the relations between sSFR and 12+log(O/H) in SFGs with
log(M⋆/M⊙) < 10.5 and log(M⋆/M⊙) > 10.5, respectively.
Compared to Figure 7(a), 10.0 <log(M⋆/M⊙) < 10.5 SFGs
are mixed into the SFG sample with log(M⋆/M⊙) < 10.5
in Figure 7(c), and their correlation has weakened, show-
ing their Spearman coefficient r=-0.47. Compared to Fig-
ure 7(b), the correlation significantly increases in Figure
7(d), showing their Spearman coefficient r=0.44. The two
correlations are supported by some recent findings (Yates,
Kauffmannn, & Guo 2012; Andrew & Martini 2013; Yates
& Kauffmann 2014). Regarding the positive correlation at
high mass galaxies, it should be investigated by more obser-
vational studies.
It is well known that a Dn4000 index is a good proxy
for the mean stellar ages of stellar population below ∼ 2
Gyr. In Figures 8(a) and 8(b), we show the MZ relations of
0.04 < z 6 0.06 and 0.10 < z < 0.12 SFGs using the colour
bars of Dn4000 index, respectively. The green and red lines
are the same diagnostic lines as in Figure 5. As can be seen
from Figures 8(a) and 8(b), galaxies with higher Dn4000
usually have larger Se´rsic indexes at a given stellar mass
(Zahid & Geller 2017).
From Figure 8(a), we can see a trend that the Dn4000
index increases when the stellar mass and metallicity in-
crease, and this is a significant difference compared to the
MZ relations with the colour bars of concentration index
and Se´rsic index in Figure 5, indicating that the MZ rela-
tion may be related to the stellar age of SFGs. Using a sam-
ple of Lyman-break analogure, Lian et al. (2015) found that
the MZ relation is strongly correlated with Dn4000, showing
that galaxies having higher Dn4000 present higher metallic-
ities at a given stellar mass. Using the similar method of
Kauffmann et al. (2003b), Wu & Zhang (2013) presented
a nice relation between log(M⋆) and log(N/O), and sug-
gested that the ratio may be used as a standard candle
(Wu & Zhang 2013). In Figures 8(c) and 8(d), we find a
clear tendency that the log(N/O) increases with increasing
M⋆ and Z, implying that the MZ relation should closely
link the stellar age. Actually, the tendency should be under-
standable. Since this Dn4000 index can provide a diagnostic
of the past star formation histories of galaxies (Kauffmann
et al. 2003a), we obtain the age imformation of different
processes during galaxy evolution. With galaxy evolution, a
huge amounts of existed or inflow gas is transformed into
stars, which results in increasing galaxy stellar mass. At the
same time, the evolution of massive stars and intermediate-
mass stars in galaxies contributes increasing of 12+log(O/H)
c© 2010 RAS, MNRAS 000, 1–14
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Figure 11. Comparison of the scatter of MZ relations of 0.04 < z < 0.12 SFGs for the different concentration indexes. The symbols are
the same as in Fig. 9.
and log(N/O) ratio (Wu et al. 2013). As can be seen, this
relationship between the stellar mass and metallcity almost
accompanies the change of Dn4000 and log(N/O) ratio dur-
ing the whole galaxy evolution. We confirm that the MZ
relation may link closely the stellar age in SFGs (Gallazzi et
al. 2005; Lian et al. 2015).
Combining with Figures 5(a), 5(b), 5(c), and 5(d), we
find that the correlations between M⋆ and Z are observed
at a certain range of the concentration indexes or Se´rsic
indexes. From Figure 5, we can see the metallicity tends
to be lower in galaxies with a higher concentration in-
dex, higher Se´rsic index, or higher SFR. In Figures 5(e)
and 5(f), we seem to see the two galaxy populations at
log(M⋆/M⊙) ∼ 10.0, and we find that the two populations
are observed by using the colour bars of sSFR in Figures
6(a) – 6(f). In addtion, Figure 7 displays the two galaxy
populations, presenting clearly the two correlations between
sSFR and Z, and the latter galaxy population does not de-
pend on the metallicity estimator. We can see that the stellar
mass and metallicity usually present higher in galaxies with
a higher Dn4000 or higher log(N/O) ratio from Figure 8.
3.3 The scatter of the MZ relation
In Figure 9, we show the scatter of the MZ relation of more
than 80, 000 galaxies using the six metallicity-calibrated
methods, such as the metallicity diagnostics of Z94, PP04-
O3N2, PP04-N2, T04, Z94, and Sander18. Firstly, the sam-
ple is classifyed into 50 almost equal galaxy bins in stellar
mass, then we obtain the median value of the metallicities
(get two subbins based on the median metallicity) and stel-
lar masses, and calculate respectively the 95% contours of
metallicity dispersion (deviation from the median metallic-
ity) of both subbins in each bin. The contours are shown by
the green solid lines in Figure 9.
It is observed that the scatter increases with decreas-
ing galaxy stellar mass in Figure 9 (Zahid et al. 2012).
Whether the trend is real? Zahid et al. (2012) checked it
using the five diagnostic calibrators of metallicities in their
Figure 5, and we also examine it using another five meth-
ods of metallicity estimators in Figure 9. We find that the
trend does not depend on the metallicity calibrator. More-
over, we find that the smallest scatter (2σ) is 0.16 dex in
log[([N II] λ6584)]/Hα] (N2) of PP04, and the largest one
(2σ) is 0.30 dex in log[([N II]λ6584)]/([O II] λ3726, 3729)]
(N2O2) of Sanders et al. (2018).
In Figures 9(a), 9(c), and 9(e), the scatter is almost
symmetric for galaxies with ∼ 9.5 < log(M⋆/M⊙) < 10.5,
while it is clearly asymmetric in Figures 9(b), 9(d), and 9(f).
In Figure 4 of Zahid et al. (2012), the scatter shown is sym-
metric at 8.5 <log(M⋆/M⊙) < 9.5 galaxies, and we find
that the scatter symmetry may occur at the different stellar
masses, determined by the different metallicity calibrator.
At log(M⋆/M⊙) > 10.5, almost all the scatter in Figures
9 begin to be asymmetric. Compared to the lower disper-
sion below the median values, the upper dispersion above
the median values decreases significantly with the galaxy
stellar mass in Figures 9(a), and 9(f), and the dispersion
seems to do not decrease in Figures 9(b) and 9(d). In addi-
tion, Figures 9(a) and 9(f) show larger upper dispersion at
log(M⋆/M⊙) ∼ 11.0, showing no saturation in metallicity
in the Dopita (2016) and Sanders et al. (2018) diagnostic
calibrators.
In Figure 10, we display the scatter of MZ relations
of SFGs with the different Se´rsic indexes. Figures 10(a) and
10(b) show the scatter of MZ relations of SFGs with n < 1.5
and 1.5 < n < 2.5, respectively. Their sample sizes are
41,059 and 28,310, presenting 2σ = 0.18 dex and 2σ = 0.19
dex, respectively. Figures 10(c) and 10(d) present the scatter
of MZ relations of SFGs with n > 2.5 and the total sam-
ple, respectively. Their sample sizes are 11,564 and 80,933
(192 galaxies at n = 0), presenting 2σ scatter of 0.27 dex
and 0.20 dex, respectively. From Figure 10, we find that
the scatter of the MZ relation colsely links the galaxy mor-
phology, showing that elliptical galaxies have larger scatter
than spiral galaxies. Certainly, the large scatter in the sam-
ple with n > 2.5 in which the observational uncertainties
in the metallicity measurement may be much higher than
other two samples.
In Figure 11, the scatter of MZ relations of SFGs with
the different concentration indexes is shown. Figures 11(a)
and 11(b) display the scatter of MZ relations of SFGs with
c < 2.86 and c > 2.86, respectively. Their sample sizes are
76,286 and 4,773 (66 galaxies at c=0), presenting 2σ = 0.19
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Figure 12. Comparison of metallicity dispersion in MZ-X relation, X is the third parameter (SFR, sSFR, sersic index, concentration
index, Dn4000, and log(N/O), respectively.). The histogram displays the difference from the median calculated in bins of 0.05 dex inM⋆
and X. The red curve is a Gaussian with σ.
dex and 2σ = 0.28 dex, respectively. Figure 11 confirms
the result of Figure 10, and the scatter of the MZ relation
is closely related the galaxy morphology. In addition, we
show that the scatter is composed of the superposition of
several scatter of MZ relations for different type galaxies of
the sample.
In addition, we utilise the scatter to compare the de-
pendence of metallicity on galaxy properties other than
mass. Figure 9(b) displays that the scatter in MZ relation is
σ = 0.09 dex. In Figure 12, we show metallicity dispersion
in MZ - X relation, and X is the third parameter. The dis-
persion is calculated in bins of 0.05 dex in M⋆ and X. The
dispersion reduces to ∼ 0.07 dex when adopting this SFR
paremeter in the MZ relation (see Figure 12(a)). In Figure
12(b), 12(c), 12(d), 12(e), and 12(f), the scatter decreases
to ∼ 0.07 dex, ∼ 0.08 dex, ∼ 0.08 dex, ∼ 0.07 dex, and
∼ 0.05 dex, respectively, when sSFR, Sersic index, concen-
tration index, Dn4000, and log(N/O) are used as the third
parameter. We can see a decease in scatter when adopting
the third parameter in MZ relations. Compared to the scat-
ter of σ ∼ 0.05 in Mannuccci et al. (2010), the dispersion
in MZ-SFR relation is σ ∼ 0.07, and this difference may be
related to the different SFG sample. In addtion, we find that
the dispersion in MZ-log(N/O) relation is σ ∼ 0.05, showing
the smallest dispersion among these galaxy properties, and
this may originate from that the log(N/O) ratio is used to
calculate the SFG metallicity.
4 SUMMARY
Utilising the observational data of 86,111 SFGs obtained
from the catalogue of the SDSS DR7 MPA-JHU emission-
line measurements, we investigate the MZ relation evolution.
Also, using the concentration index, Se´rsic index, selected
both from the NYU-VAGC data, log(N/O), SFR, sSFR, and
Dn4000, we explore the dependence and scatter of the MZ
relations of 0.04 < z 6 0.06 and 0.10 < z < 0.12 SFGs. Our
main results are summarized as followings:
1. Under the log(LHα) > 41.0 threshold, the 0.04 < z 6
0.06 (0.10 < z < 0.12) SFGs with 9.2 < log(M⋆/M⊙) <
9.5 have higher (lower) ∼ 0.1 dex in metallicity than their
corresponding control sample, and the K-S test shows that
the two samples (both median(log(SFR))> 0.0) present the
MZ relation evolution.
2. Under the log(L[O III]) > 39.7 threshold, the 0.04 <
z 6 0.06 SFGs with 9.2 < log(M⋆/M⊙) < 9.5 have almost
no difference in metallicity compared to their correspond-
ing control sample, and the K-S test (pnull = 51%, see Ta-
ble 1) shows that the MZ relation evolution is not found
in the two samples (both median(log(SFR))< 0.0). How-
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ever, the 0.10 < z < 0.12 SFGs with 9.2 < log(M⋆/M⊙) <
9.5 have the same result as the log(LHα) > 41.0 thresh-
old mentioned above (pnull = 1.42 × 10
−3%, see Table
1), compared to their corresponding control sample (both
median(log(SFR))> 0.0). These show that the evolution of
the MZ relation is clearly observed in the higher SFR SFGs
(e.g. median(log(SFR))> 0.0)), and that almost no evolu-
tion of the MZ relation is found in the SFGs at lower SFRs
(e.g. median(log(SFR))< 0.0). We suggest that these origi-
nate from the speciality of the sample.
3. Under the same stellar mass and Se´rsic index (con-
centration index), we show that the 0.04 < z 6 0.06 SFGs
have always higher ∼ 0.1 − 0.2 dex in metallicity than the
0.10 < z < 0.12 SFGs. This shows that the MZ relation evo-
lution exists and does not depend on the elliptical or spiral
galaxies.
4. Utilising the concentration index and Se´rsic index,
SFR, we find that the metallicity tends to be lower in
galaxies with a higher concentration, higher Se´rsic index, or
higher SFR. In addition, we can see that the stellar mass and
metallicity usually present higher in galaxies with a higher
Dn4000 or higher log(N/O) ratio.
5. With regard to a possibility of the two galaxy popu-
lations in the MZ relation at log(M⋆/M⊙) ∼ 10.0, we find
that they may exist by using color bars of sSFR in Figures
6(a) – 6(f). In addition, we present clearly an anticorrelation
and a positive correlation between sSFR and 12+log(O/H)
at log(M⋆/M⊙) ∼ 10.0 and 10.5, respectively. From the de-
pendence on the Dn4000 index and log(N/O) in the MZ
relation, we confirm that the MZ relation may link closely
the stellar age in SFGs.
6. The scatter of the MZ relation increases with decreas-
ing stellar mass, and we show that the trend does not depend
on the metallicity calibrator. Also, we find that the scatter
symmetry may occur at different stellar masses, determined
by the different metallicity calibrator. Moreover, almost all
the scatter of the MZ relations begin to be asymmetric at
log(M⋆/M⊙) > 10.5.
7. We find that the scatter of the MZ relation colsely
links the galaxy morphology, presenting that the elliptical
galaxies often have larger scatter than the spiral galaxies.
This may be originated from the large scatter in the SFG
sample with n > 2.5 or c > 2.86. In addition, we show
that the scatter is composed of the superposition of several
scatter of the MZ relation for different type galaxies.
8. We show that metallicity dispersion in MZ - X rela-
tion, and X is SFR, sSFR, Se´rsic index, concentration index,
Dn4000, and log(N/O), respectively. We confirm that the
MZ relation depends on the six galaxy properties.
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